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 ABSTRACT 
 Reducing the sodium content in cheese is expected to 
contribute to reducing the overall intake of sodium by 
US consumers. The purpose of this study was to mea-
sure the sodium levels in cheeses that are most com-
monly purchased by US consumers in the retail market, 
including brand and private label. A secondary purpose 
of the study was to generate data that can enable the 
dairy industry to adopt best practices regarding so-
dium levels in cheeses. The sodium content of a total of 
1,665 samples of Cheddar (650 samples), low moisture 
part skim (LMPS) Mozzarella (746 samples), and pro-
cess cheese singles (269 samples) from 4 geographical 
regions were collected over a period of 3 wk, and were 
analyzed over a 1-mo period. Process cheese contained 
the highest mean level of sodium (1,242 mg/100 g), 
followed by string cheese (724 mg/100 g). Across Ched-
dar cheese forms and brands, the mean analytical so-
dium was 615 mg/100 g, with 95% between 474 and 
731 mg/100 g; label sodium ranged from 600 to 800 
mg/100 g (mean 648 mg). Across all LMPS Mozzarella 
forms and brands, the mean analytical sodium was 666 
mg/100 g, with 95% between 452 and 876 mg/100g; 
label sodium ranged from 526 to 893 mg/100 g (mean 
685 mg). Across all process cheese forms and brands, the 
mean analytical sodium was 1,242 mg/100 g, with 95% 
between 936 and 1,590 mg/100 g; label sodium ranged 
from 1,185 to 1,740 mg/100 g (mean 1,313 mg/100 g). 
These findings demonstrate that manufacturers tended 
to be conservative with their reporting of sodium on la-
bels. Manufacturers need to reduce variability to better 
target desired sodium levels, which is an opportunity 
for better process control, and will enable them to label 
sodium more accurately. 
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 INTRODUCTION 
 Most US citizens consume too much sodium (Frieden 
and Briss, 2010), which is associated with high blood 
pressure and increased risk of heart attack and stroke 
(Smith-Spangler et al., 2010; USDA, 2010). Approxi-
mately 34% of US adults have hypertension (Lloyd-
Jones et al., 2010) and sodium consumption contributes 
to the increase in blood pressure observed with aging 
(Danaei et al., 2009; Frieden and Briss, 2010). Among 
12 modifiable dietary, lifestyle, and metabolic risk fac-
tors evaluated by Danaei et al. (2009), smoking and 
high blood pressure account for the highest number of 
deaths in the United States. High dietary sodium intake 
accounted for approximately 100,000 deaths in 2005, 
and salt intake was 1 of the 3 modifiable dietary factors 
most highly correlated with mortality (Danaei et al., 
2009). The 2005 Dietary Guidelines for Americans rec-
ommends that healthy adults limit consumption of so-
dium to 2,300 mg/d (5.84 g of sodium chloride or about 
1 teaspoon of table salt) and that individuals with hy-
pertension, African Americans, middle-aged, and older 
adults limit consumption to 1,500 mg of sodium per 
day by consuming fewer processed foods that are high 
in sodium, and by using little or no salt when prepar-
ing or eating foods (Department of Health and Human 
Services, 2005). According to a report published by the 
Centers for Disease Control and Prevention (CDC) in 
2009, two-thirds (69%) of Americans are among those 
that should consume no more than 1,500 mg of sodium 
per day (CDC, 2009). The 2009 report recommended 
a gradual reduction in sodium intake from the current 
limit of 2,300 mg/d to 1,500 mg/d (CDC, 2009). As 
reported by the National Health and Nutrition Exami-
nation Survey (NHANES) of 2005–2006, sodium intake 
by US consumers is approximately 3,366 mg/d (Gunn 
et al., 2010). The potential savings due to reduction in 
sodium by reducing hypertension and related cardio-
vascular disease has been reported to be significant, re-
garding societal well-being (quality of life) and savings 
in billions of dollars in medical costs (Palar and Sturm, 
2009; Bibbins-Domingo et al., 2010; Smith-Spangler et 
al., 2010). 
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In a report published by the Institute of Medicine on 
Strategies to Reduce Sodium Intake in the United States 
(IOM, 2010), mixed dishes (e.g., sandwiches, casseroles, 
pizza) contribute nearly half (44%) of the total sodium 
from foods. Other major sources of sodium are meat 
and meat alternatives, including cheese and eggs (16%), 
grains (11%), and vegetables (9%). The remaining food 
categories each contribute 5% or less. About two-thirds 
(63%) of sodium comes from foods eaten at home and 
one-third (37%) from foods eaten away from home. 
Cheese is perceived as containing high levels of sodium, 
which discourages some consumers from eating cheese 
(Johnson et al., 2009; Saint-Eve et al., 2009). Accord-
ing to the US Department of Agriculture food coding 
scheme, in 2006, the category “milk products” was esti-
mated to contribute only about 8 to 8.9% of sodium to 
the diet of consumers over 20 years of age, with cheeses 
accounting for 50% of the sodium consumption in that 
category (Gunn et al., 2010). The largest commodity 
groups contributing to sodium intake by consumers in 
2005–2006 were grains (36 to 37.9%) and meat, poul-
try, fish and mixtures (26.8 to 29.1%), with 13.1 to 
15.3% attributed to the sub-category grain mixtures, 
frozen plates, soups, under the grain commodity. Even 
the vegetables category (7.9 to 8.9%) contributed to 
sodium intake at a similar degree as the milk products 
category, due in large part to the soups, sauces, potato 
chips, and fries in that category. Nonetheless, reducing 
the sodium content in cheese is expected to contribute 
to reducing the overall intake of sodium by US consum-
ers.
Typical sodium content of the most popular cheeses 
consumed in the United States, Cheddar, Mozzarella, 
and process cheese, vary widely based upon label 
claims. Cheddar cheese averages 620 mg/100 g; low 
moisture part skim (LMPS) Mozzarella averages 512 
mg/100 g; and process cheese averages 1,488 mg/100 g 
of cheese (USDA, 2008; Johnson et al., 2009). Reduced-
sodium and low-sodium cheese products are available 
to consumers, but data are not currently available 
about their consumption. According to the FDA, food 
labeling regulations for “reduced sodium” require at 
least a 25% reduction in the sodium compared with 
the conventional counterpart (FDA, 2008a). Because of 
the wide range of sodium content measured in process 
cheeses, Johnson et al. (2009) reported that reduced 
sodium process cheese may range in sodium content 
from 488 to 1,200 mg/100 g of cheese. To be labeled as 
“low sodium,” a cheese must contain no more than 140 
mg of sodium per reference amount and per 50 g (FDA, 
2008b). For example, a low-sodium process cheese must 
have less than 280 mg of sodium/100 g of cheese. Higher 
sodium cheeses (980 to 1,375 mg of sodium/100 g of 
cheese) include blue, Romano, Parmesan, Roquefort, 
and feta (Johnson et al., 2009). Lower sodium cheeses 
(350 to 475 mg/100 g of cheese) include Swiss and fresh 
Mozzarella (Johnson et al. 2009).
The National Salt Reduction Initiative (NSRI), a 
New York City-led partnership of cities, states and 
18 national health organizations, has proposed sales-
weighted mean targets (pounds of cheese sold by brand 
multiplied by the label sodium content by brand; the 
product was divided by total pounds of cheese) to help 
companies voluntarily reduce the salt levels in 62 cat-
egories of packaged food and 25 classes of restaurant 
food (NYC Health, 2010b). The intent of the initia-
tive is to reduce the salt in packaged and restaurant 
foods by 25% over 5 years, which is expected to reduce 
the nation’s salt intake by 20% (NYC Health, 2010b). 
As of April 26, 2010, 16 leading food manufacturers 
and restaurant chains had committed to meeting the 
NSRI targets (Farley, 2010). A similar initiative in the 
United Kingdom led to salt reductions of 40% or more 
in some food products (NYC Health, 2010b). The sales-
weighted mean targets for sodium in a variety of cheese 
categories as proposed by the NSRI are summarized in 
Table 1 (NYC Health, 2010a).
For the dairy industry to respond to the demands to 
deliver reduced- and low-sodium cheeses to the market, 
many challenges must be overcome related to manu-
facturing processes, flavor and texture acceptability, 
shelf-life, and safety of the products. To proceed ap-
propriately, the industry must first know where cheese 
products stand in regard to sodium levels. This research 
was conducted to determine sodium levels in major 
cheese types; report variability in sodium levels across 
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Table 1. Initiative baseline (2009) sales-weighted mean sodium content in cheeses (mg/100 g), and National 
Salt Reduction Initiative (NSRI) targets (mg/100 g) for 2012 and 2014 (NYC Health, 2010b) 
Cheese type
Baseline  
2009
NSRI  
2012
NSRI  
2014
Cheddar, Colby, Jack, Mozzarella, 
Muenster, Provolone, Swiss cheeses
668 630 600
Process cheese singles 1,393 1,250 1,040
Cottage cheese 347 330 290
Cream cheese 408 390 350
Grated hard cheese 1,530 1,450 1,300
brands, private labels and regions; and to report devia-
tions between analytical sodium and Nutrition Facts 
label sodium. Dairy Research Institute (Rosemont, IL), 
with assistance from an independent third party, aimed 
to test the hypothesis that Cheddar, LMPS Mozzarella, 
and process cheese singles already exist on the market 
that meet the lower proposed NSRI sodium targets.
MATERIALS AND METHODS
Retail samples of Cheddar cheese (specifically 650 
from chunk and shred varieties), LMPS Mozzarella 
cheese (specifically 746 from LMPS Mozzarella-shred, 
LMPS Mozzarella-chunk, and LMPS Mozzarella-string 
varieties) and process cheese singles (269 individu-
ally wrapped slices of pasteurized process cheese food, 
pasteurized process cheese spread, pasteurized process 
cheese product, or pasteurized prepared cheese product) 
were collected by Foreign Trade Service (Newark, NJ), 
and then sent to Silliker Inc. (Chicago Heights, IL) for 
analysis. Analysis of calcium, phosphorus, potassium, 
and sodium was done using standard AOAC method 
984.27 (Poitevin et al., 2009) for inductively coupled 
plasma atomic absorption spectroscopy (model OES 
4300 DV, Perkin-Elmer, Norwalk, CT).
Cheeses from these categories were selected because 
the combined sales of American type cheeses (includ-
ing Cheddar, Colby, Monterey Jack and Colby Jack), 
Mozzarella, and process cheese account for about 74% 
of the total retail cheese sales [Symphony IRI Group, 
2010; data sourced through September 27, 2009; Table 
2]. Of this, 77% is accounted for by natural Cheddar, 
LMPS Mozzarella [defined by Symphony IRI Group 
(IRI) as reduced-fat natural Mozzarella], and process 
cheese. Retail samples were selected because consumers 
have a choice of selecting the cheese they like com-
pared with food service, where the cheese is part of 
a compound food product. Additionally, by using the 
IRI database, the kind and quantity of cheeses consum-
ers are purchasing in retail outlets can be determined 
(except for Wal-Mart, which is not included in IRI sales 
data). Samples from national brands and private labels 
were collected from 16 US cities, divided equally in 4 
geographical areas.
Private label accounts for a significant portion of 
retail sales (Table 3). Thus, both brands and private 
label were sampled. To account for possible variability 
due to different brands and private labels across the 
United States, products were purchased from different 
geographical regions of the country. Four geographical 
regions were formed using the existing 8 regions defined 
in the IRI database and combining them to form 4 
regions (central, west, south, and east). For each geo-
graphical region and product segment, the top 2 to 4 
brands that account for 70 to 90% of the branded mar-
ket were selected; in private label the top 2 to 4 major 
grocery chains in the geographical area were selected. 
Twelve samples of each selected brand and private label 
were collected from each geographical region. To ensure 
proper sampling, cheese samples were collected from 
different lot codes and package sizes and from different 
stores within each city. The total number of samples 
from major brands and private label was 1,620, includ-
ing 624 for Cheddar, 756 for Mozzarella, and 240 for 
process singles. Where available, a few samples of local 
brands for each product category were collected to de-
termine the range of sodium levels in cheeses produced 
locally.
Both regular-fat and regular-sodium Cheddar cheese 
were selected for the study because these make up the 
dominant segment in terms of total Cheddar cheese sold 
in the United States, having a market share of 89%. 
Reduced- or low-fat Cheddar cheeses form a small frac-
tion of the total Cheddar cheese volume and sales and 
are not registered in IRI data separately. Low moisture 
part skim Mozzarella is the dominant segment in terms 
of total Mozzarella cheese sold in the United States, 
having a market share of 82%. Full-fat and low-fat 
Mozzarella categories are low in terms of sales volume. 
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Table 2. Summary of retail sales of top-selling cheese products in the United States, generated by Information 
Resource Inc. (Symphony IRI Group, 2010) 
Cheese
Percent of  
retail sales
Natural American type cheeses (Cheddar, Colby, Monterey, and Jack) 37
Process cheese 23
Mozzarella 14
Total 74
Table 3. Sales volumes (%) of selected cheese groups based on market 
share occupied by brand versus private label in retail sales, generated 
by Information Resource Inc. (Symphony IRI Group, 2010) 
Cheese type Brand
Private 
label
Cheddar 49 51
Low moisture part skim Mozzarella 47 53
Process singles 66 34
Process singles account for 87% of the total process 
cheese volume at retail. Regular-fat process singles are 
the dominant segment within total process singles in 
retail, with market share of 94%; reduced- or low-fat/
fat-free process singles form a small fraction of the total 
process singles volume. Shred (37%) and chunk (48%) 
account for 85% of the retail Cheddar market. The rest 
of the Cheddar volume, about 15%, is accounted for by 
all other forms (e.g., slices, sticks). Because seasonal 
differences in moisture levels are expected, moisture 
levels for Cheddar were measured. Compositional dif-
ferences are expected between shreds and chunk be-
cause of levels of, for example, anticaking agents. Shred 
(46%), string (31%), and chunk (16%) account for 93% 
of the retail LMPS Mozzarella market. The rest of the 
volume, about 7%, is accounted for by all other forms 
(e.g., slices and cubes).
To assess regional effects on cheese sodium levels, 
one-way ANOVA was used for each cheese form and 
manufacturer comparing mean sodium levels across 
regions. Additionally, Levene’s test was used to de-
termine if variability differed within cheese form and 
manufacturer across regions. When evidence of vari-
ability changes across region was present, Welsch’s 
test was used to assess for differences in mean sodium 
levels across regions while accounting for differences in 
variance, specifically investigating if the conclusions 
of hypothesis tests were altered by heteroskedasticity. 
Because little evidence of region effects was present, 
especially for brand cheeses, comparison of mean so-
dium levels for different manufacturers was evaluated 
assuming homogeneity across regions. Here, one-way 
ANOVA was used to test for differences in manufactur-
ers for each cheese form, with Levene’s test again used 
to assess equality of variance across manufacturers and 
Welsch’s test used to compare means when unequal 
variances were detected.
To assess differences in between local label, private 
label, and brand cheeses within cheese forms, a mixed-
model ANOVA was conducted with type of manufac-
turer (private versus brand label) taken as a fixed effect 
and with manufacturer and the interaction of manu-
facturer and type of manufacturer taken as a random 
effects.
Correlations between sodium content and moisture 
content and between sodium content and salt to mois-
ture content were assessed by using partial correlation 
coefficients computed for each cheese type.
RESULTS AND DISCUSSION
Overall, process cheese contained the highest mean 
level of sodium (1,242 mg/100 g) among all cheeses test-
ed (Figure 1), followed by string cheese (724 mg/100 g). 
A great deal of variability was seen in sodium content 
between cheese types and within cheese types (Tables 
4, 5, and 6; Figures 2, 3, and 4). Across Cheddar cheese 
forms and brands, the mean analytical sodium was 615 
mg/100 g. Analytical sodium ranged from 250 to 982 
mg/100 g, with 95% between 474 and 731 mg/100 g 
(Figure 2). However, label sodium ranged from 600 to 
800 mg/100 g (mean 648 mg); differences ranged from 
67 mg of sodium below label declaration to 50 mg of 
sodium above declaration (Table 4). Across all LMPS 
Mozzarella forms and brands, the mean analytical sodi-
um was 666 mg/100 g. Sodium in samples ranged from 
350 to 1,010 mg/100 g, with 95% between 452 and 876 
mg/100g (Figure 3). In contrast, label sodium ranged 
from 526 to 893 mg/100 g (mean 685 mg); mean differ-
ences ranged from 117 mg of sodium below label decla-
ration to 71 mg of sodium above declaration (Table 5). 
String cheese tended to have higher sodium than chunk 
or shred (Figure 3). Across all process cheese forms and 
brands, the mean analytical sodium was 1,242 mg/100 
g. Analytical sodium ranged from 750 to 1,520 mg/100 
g, with 95% between 936 and 1,590 mg/100 g (Figure 
4). Alternatively, label sodium ranged from 1,185 to 
1,740 mg/100 g (mean 1,313 mg); mean differences in 
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Table 4. Summary of mean values for label and analytical sodium in Cheddar cheese for selected brands1 
Cheese type n
Label Na  
(mg/serving)
SD  
Label
Analytical Na  
(mg/100 g)
SD  
Analytical
Analytical  
difference from  
declaration (mg)
Chunk brand B 43 645 9.2 625a 73.7 −201
Chunk brand E 27 643 0 657a 46.3 14
Chunk brand F 27 643 0 584b 56.7 −59
Chunk brand K 12 607 0 657a 107.3 50
Shred brand A 45 680 10.7 643a 60.8 −37
Shred brand B 54 658 61.1 591b 67.2 −67
Shred brand C 18 643 0 639a 46.4 −4
a,bAnalytical Na values with different superscripts indicate that significant differences exist between samples 
within a given cheese type (P < 0.05).
1Italicized rows indicate cases where mean analytical Na was higher than mean label Na.
analytical sodium ranged from 107 to 115 below label 
declaration (Table 6). These findings demonstrate that 
manufacturers tended to be conservative with their 
reporting of sodium on labels; about 10% of products 
contained 20% less sodium than the label declaration.
Additionally, within a brand of the same type and 
form, variability was found in cheese sodium. The coef-
ficient of variance ranged from 12 to 19% for chunk, 13 
to 20% for shred, and 8 to 18% for string cheese brands. 
On the other hand, no significant differences between 
brands or private labels were found for any cheese forms 
(data not shown). Because little evidence of region ef-
fects was present, especially for brand cheeses (only 2 
out of 17 brand cheeses showed region effects and only 
9 out of 23 private label cheeses), mean sodium levels 
for different manufacturers were evaluated assuming 
homogeneity across regions.
Differences in the sodium content were not due to 
moisture differences, because no significant or meaning-
ful correlation was found between sodium content and 
moisture for sharp Cheddar chunks and LMPS chunk 
and string cheeses (Table 7). However, analytical sodium 
was highly correlated to salt-to-moisture ratio (S/M). 
Of the cheeses analyzed for moisture, sharp Cheddar 
chunks had the highest mean S/M (4.3%), followed by 
mild Cheddar chunks (4.1%), and LMPS Mozzarella 
string (3.6%) and chunk (3.2%). To pool across manu-
facturers, partial correlations were calculated, which 
account for manufacturer effects when computing the 
correlation. These were also done for both brand and 
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Figure 1. Analytical sodium of 1,665 cheeses, separated by cheese form. LMPS = low moisture part skim. Color version available in the 
online PDF.
Table 5. Summary of mean values for label and analytical sodium in low moisture part skim Mozzarella cheese 
for selected brands1 
Cheese type n
Label Na 
(mg/serving)
SD  
Label
Analytical Na  
(mg/100 g)
SD  
Analytical
Difference from  
declaration  
(mg)
Chunk brand M 16 663 26.9 668a 98.0 5
Chunk brand Q 30 621 37.0 546b 108.1 −76
Shred brand Q 42 709 18.6 599a 80.7 −117
Shred brand T 42 689 39.7 709b 83.4 20
String brand M 19 673 13.4 651a 118.2 −22
String brand Q 35 782 20.1 665a 103.3 −118
String brand T 24 759 30.3 702a 78.5 −57
String brand Z 48 743 42.3 814b 67.6 71
a,bAnalytical Na values with different superscripts indicate that significant differences exist between samples 
within a given cheese type (P < 0.05).
1Italicized rows indicate cases where mean analytical Na was higher than mean label Na.
private label cheeses. Virtually all correlations were 
greater than 0.90 and some were close to 1.0 (Table 
7). These findings demonstrate the need for control of 
S/M in the cheese plant, as misbranding appeared to be 
associated with cheese with high S/M. At particularly 
high S/M values, analytical sodium values were higher 
than label claims. For Cheddar, when S/M was >4.5, 
sodium appeared to be higher than the label claim, 
particularly when S/M >5.0. Below 4.3, S/M analyti-
cal sodium matched or was under the label claim. A 
similar trend was seen for LMPS Mozzarella, but the 
specific numbers were even lower. Salt-to-moisture ratio 
values >3.8 appeared to be associated with analytical 
sodium values above label claims. High variability in 
S/M was apparent, suggesting that processors should 
pay attention to better control of moisture in order to 
control S/M and more accurately communicate sodium 
content to consumers. Although we cannot comment 
on the quality of the cheeses evaluated in this study 
because we did not conduct sensory analysis on the 
cheeses, S/M has been examined by other investigators. 
Guinee (2004) summarized several studies conducted in 
the 1970s and 1980s and concluded that Cheddar grade 
deteriorates rapidly at S/M levels <3.0% (wt/wt) and 
>6% (wt/wt), with the highest quality Cheddar hav-
ing S/M in the range of 4.5 to 5.5% (wt/wt). Mistry 
and Kasperson (1998) reported that optimum S/M is 
approximately 4.5%, and may be as low as 3.5%, de-
pending on the fat reduction and moisture content of 
a cheese. Guinee and O’Kennedy (2007) stated that 
good-quality Irish Cheddar cheeses contain 4.5 to 5.6% 
S/M (674 to 832 mg of sodium/100 g).
Most samples of Cheddar cheese were close to the 
2012 NSRI target of 630 mg/100 g, which suggests 
that processors will only need to make small changes 
to meet the NSRI 2012 sodium targets. Some Mozza-
rella samples were close to the 2012 NSRI target of 630 
mg/100 g; however, string cheese processors, in par-
ticular, will need to make some manufacturing changes 
to meet the 2012 target. Process cheese manufacturers 
Journal of Dairy Science Vol. 94 No. 3, 2011
AGARWAL ET AL.1610
Table 6. Summary of mean values for label and analytical sodium in process cheese (PC) singles for selected 
brands 
Cheese type n
Label Na  
(mg/serving)
SD  
Label
Analytical Na  
(mg/100 g)
SD  
Analytical
Difference from  
declaration  
(mg)
PC brand G 33 1,400 157.8 1,293a 112.7 −107
PC brand Y 45 1,294 15.5 1,179b 80.3 −115
a,bAnalytical Na values with different superscripts indicate that significant differences exist between samples 
within a given cheese type (P < 0.05).
Figure 2. Analytical sodium of 650 samples of Cheddar cheese, separated by sodium range (mg/100 g). Color version available in the online 
PDF.
will need major reformulations to meet the 2012 NSRI 
sodium target of 1,250 mg/100 g. Some brands may 
have an especially difficult time meeting targets if they 
elect to enter the voluntary program.
Substitution of NaCl with salt substitutes is not a 
fail-safe solution to reduce sodium in cheese; consumers 
like the taste of NaCl. Long before consumers became 
accustomed to the high-salt foods of today, panelists 
were able to distinguish and preferred higher NaCl 
cheeses (1.75% NaCl; 687 mg of sodium/100 g of cheese) 
than cheeses with less salt (1.5 and 1.25% NaCl; 590 
and 490 mg of sodium/100 g of cheese) and cheese with 
partial substitution with potassium chloride (1:1 molar 
basis; Lindsay et al., 1982). Cheddar cheeses produced 
1611OUR INDUSTRY TODAY
Journal of Dairy Science Vol. 94 No. 3, 2011
Figure 3. Analytical sodium of 746 samples of low moisture part skim (LMPS) Mozzarella cheese, separated by form (chunk/shred and 
string) and sodium range (mg/100 g). Color version available in the online PDF.
Figure 4. Analytical sodium of 269 samples of process cheese singles, separated by sodium range (mg/100 g). Color version available in the 
online PDF.
with KCl, MgCl2, or CaCl2 at equivalent ionic strength 
to the control NaCl level (1.6% residual NaCl) were 
extremely bitter, rancid, metallic, crumbly, and unac-
ceptable, likely because of low S/M (Fitzgerald and 
Buckley, 1985). A 1:1 mixture of NaCl and KCl resulted 
in a cheese comparable to the control. Karagözlü et al. 
(2008) also demonstrated the promise of partial NaCl 
substitution with KCl. Turkish white pickled cheese 
could be produced with a mixture of 75% NaCl and 
25% KCl without negative effects on physical, chemi-
cal, or sensory properties. In a study funded by Dairy 
Research Institute, M. A. Drake (North Carolina State 
University, Raleigh) and D. J. McMahon (Utah State 
University, Logan) prepared re-formed (Cheddar) 
cheeses with 1.0, 1.4, 1.8, 2.2, and 2.6% salt to separate 
ripening effects from taste perception effects of salt 
(unpublished data). The results indicated that cheeses 
with 1.8% salt and above were perceived to have an 
acceptable level of saltiness. Reduction of sodium below 
1.8% salt adversely influenced consumer acceptance.
The influence of salt on cheese safety and shelf life, 
body and texture, flavor, and overall acceptability are 
profound and multifactorial. Because salt influences 
the activity of enzymes and microorganisms, it is used 
to maintain expected body, texture, flavor and shelf 
life of cheeses (Johnson et al., 2009). The level of salt-
ing in cheese and resulting S/M influence the amount 
of residual lactose, cheese pH, and rate and extent of 
protein hydrolysis in the cheese (Pastorino et al., 2003; 
Kapoor et al., 2007). Not only do cheese proteins in-
teract among themselves, but they also interact with 
water, fat, and salts, to an extent that depends upon 
the ionic environment of the cheese and processing con-
ditions (Floury et al., 2009a). Injecting salt solutions 
to cheese to increase ionic strength, as was done by 
Pastorino et al. (2003), promoted increased solvation of 
proteins, which increased protein-to-water interactions, 
partial relaxation of the protein matrix, and modifica-
tion of cheese hardness. Along with pH and calcium, 
salt influences the extent of para-casein hydration and 
aggregation, which affects the water-binding capacity 
of the casein matrix, syneresis, rheological and textural 
properties, and cooking characteristics (Guinee, 2004).
Changing the degree of casein hydration and aggre-
gation, influenced by salt and pH, alter the ratio of 
viscous to elastic character in cheese (Guinee, 2004). 
Cheese pH directly influences chemical changes in the 
protein network of the cheese curd, with high pH as-
sociated with increased interactions among proteins 
(Pastorino et al., 2003; Floury et al., 2009a). At high 
salt levels, cheese body is excessively firm, likely a 
consequence of the lower proteolysis and lower degree 
of casein hydration (Guinee, 2004). Solubilization of 
insoluble calcium (colloidal calcium phosphate, CCP), 
has a significant physicochemical effect on textural and 
rheological properties of cheese (Brickley et al., 2009). 
A reduction in pH draws calcium and phosphorus into 
the serum, which softens the structure and improves 
meltability (Lucey et al., 2003; Brickley et al., 2009). 
Cheddar cheese manufacturers aim for 1.7% salt con-
tent in cheese to partially inhibit α-casein and β-casein 
hydrolysis (Thomas and Pearce, 1981).
Sufficiently high levels of sodium inhibit most starter 
and nonstarter lactic acid bacteria, which helps control 
cheese pH. When left uninhibited by sodium, starter 
bacteria yield sour/acid cheese, and nonstarter lactic 
acid bacteria peptidases extensively modify cheese 
flavor, body, and texture, typically leading to bitter off-
flavors and weak, pasty body (Mistry and Kasperson, 
1998; Guinee, 2004). Reducing the content of sodium 
in cheese adversely affects the development and release 
of key compounds associated with flavor (Guinee and 
Kilcawley, 2010). Salt influences enzyme activity; lower 
sodium cheeses tend to have higher bitterness compared 
with higher sodium cheeses. Mistry and Kasperson 
(1998) demonstrated that numbers of lactic acid bac-
teria decreased more slowly in cheese with 2.7% S/M 
than in cheeses with 3.7 or 4.5% S/M. They concluded 
that S/M of approximately 4.5% or higher is required 
to inhibit bitterness and excessive proteolysis in cheese. 
They went on to state that to reduce S/M below 4.5%, 
starters with low proteolytic activity may be suitable.
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Table 7. Summary of mean values for analytical sodium and salt-to-moisture ratio (S/M), along with partial 
correlations, by cheese type 
Cheese type n
Mean analytical  
Na (mg/serving)
Correlation  
coefficient  
Na:moisture
Mean  
S/M ratio
Correlation  
coefficient  
Na:S/M
Cheddar chunk (brand cheeses) 106 626 0.002 4.3 0.957*
Mozzarella chunk (brand cheeses) 46 588 0.024 3.0 0.964*
Mozzarella string (brand cheeses) 126 726 0.267 3.6 0.950*
Cheddar chunk (private label) 158 617 0.127 4.1 0.932*
Mozzarella chunk (private label) 141 628 0.035 3.3 0.963*
Mozzarella string (private label) 94 720 −0.038 3.6 0.966*
*Significant correlation coefficient within a given cheese type (P < 0.05).
Increased release of salt in the mouth during chew-
ing or enhancement of salty perception with another 
food component may enhance food acceptance (Floury 
et al., 2009a,b). Phan et al. (2008) demonstrated that 
water content influenced the sodium release, and fat 
content influenced saltiness perception during chewing. 
The authors suggested that an increase of water and a 
decrease of fat content could be a way to reduce sodium 
concentration without alteration of salty perception. 
However, because cheese body and texture, chewing, 
and salivation influence salty perception, the authors 
cautioned that a balance has to be found between com-
position and structure to produce acceptable cheeses. 
On the other hand, Saint-Eve et al. (2009) stated that 
variations in sodium content and sensory interactions 
have a greater effect on products with low fat content 
than on those with high fat content. They showed that 
salt, fat, and dry matter highly influenced texture per-
ception and instrumental texture parameters, but salty 
perception was not influenced by texture characteristics 
of model cheeses. Future research must be conducted 
to balance cheese components and properties so that 
cheeses are acceptable to consumers.
Reduction of sodium in process cheese will be a 
greater challenge when compared with Cheddar or 
Mozzarella cheese. Salt is added to Cheddar after 
milling and to Mozzarella after milling or via brine, 
whereas for process cheese, sodium may be added in 
the form of sodium-based emulsifying salts (30 to 48% 
contribution), natural cheese (25 to 37%), and added 
salt (15 to 35%) (Johnson et al., 2009; Kommineni 
et al., 2010). Options to reduce sodium in process 
cheese include use of reduced-sodium natural cheese, 
potassium-based emulsifying salts, other salt replacers, 
and flavor enhancers (Gupta et al., 1984; Kapoor et 
al., 2007; Johnson et al., 2009). Properties of natural 
cheeses, which are the primary ingredient in process 
cheese (approximately 51 to >80%), significantly influ-
ence the properties of process cheese. For instance, cal-
cium, phosphorus, and S/M increase the total calcium 
and phosphorus, pH and intact casein, texture profile 
analysis-hardness, and viscous properties decrease the 
meltability of process cheese food (Kapoor et al., 2007). 
Substitution of emulsifying salts with hydrocolloids 
has shown mixed results. Locust bean gum, modified 
starch (with bound sodium octenyl succinate), and low 
methoxyl pectin (alone and in combination with leci-
thin) cannot be recommended as replacements, whereas 
kappa- and lambda-carrageenan show some promise 
(Cerníková et al., 2010). Kommineni et al. (2010) made 
process cheeses with different fat and sodium levels 
and conducted triangle tests and functional analyses to 
compare them. The 50%-reduced-sodium process cheese 
had similar functional properties as the regular sodium 
controls. No significant differences were found between 
the full-fat control and full-fat 50%-reduced-sodium 
process cheeses or between the reduced-fat control and 
the reduced fat 50%-reduced-sodium process cheese. 
These results of Kommineni et al. (2010) suggest that 
a 50% reduction in the sodium content of full- and 
reduced-fat process cheese may be possible.
Regardless of the method used to reduce sodium 
content in cheeses, for consumers to accurately esti-
mate their sodium intake, cheese manufacturers should 
more accurately label sodium content. Precise control 
of factors that affect salt uptake and distribution in 
cheese are a critical part of the cheesemaking process to 
ensure consistent, high quality cheese (Guinee, 2004). 
Manufacturers must reduce variability to better target 
desired sodium levels, which is an opportunity for bet-
ter process control, and will enable accurate declara-
tion of sodium content. Variability in sodium can result 
from processing conditions, product forms, and, in the 
case of process cheese, different standards of identity 
and ingredients. The difficulty in achieving uniform salt 
distribution in Cheddar and Mozzarella in commercial 
settings may stem from variable factors that influence 
salt uptake by curds and the design of salting equipment 
(Guinee, 2004). Guinee (2004) recommended several ap-
proaches to improve salting consistency, including (1) 
standardization of milk protein (casein) and protein-to-
fat ratio, (2) greater regulation of cheesemaking steps 
and operations, (3) more efficient mechanical devices 
for mixing and salting, (4) regular maintenance of curd 
mill and equipment, (5) improved design of equipment 
for uniform curd distribution and block forming, and 
(6) better control over temperature/humidity during 
storage and distribution. In a recent study, Guinee and 
Kilcawley (2010) went further to state that great ef-
forts must be taken to convey flavor perceptions similar 
to those of cheeses of normal salt content. Regulation 
of flavor perception is critically influenced by type of 
starter culture, level and proteolytic activity of coagu-
lating enzyme, curd washing, ripening condition, and 
rate of curd cooling (Guinee and Kilcawley, 2010).
Although some advancements have been made, 
methods to reduce sodium, along with evaluation of 
the flavor, consumer acceptability, functionality, safety, 
shelf life, and machinability of reduced-sodium natural 
cheeses and process cheeses need further investigation. 
This can be accomplished with cooperation among uni-
versities and the dairy industry.
CONCLUSIONS
A great deal of variability was found in the analytical 
content of sodium in retail Cheddar, LMPS Mozzarella, 
and process cheese singles available in the United States. 
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The hypothesis that there are already Cheddar, LMPS 
Mozzarella, and process cheese singles on the market 
that meet the lower proposed NSRI sodium targets 
was supported. However, label declarations rarely re-
flected analytical sodium content, with analytical levels 
most commonly below label declarations. Cheddar and 
Mozzarella manufacturers will need to make small to 
moderate changes in processing to meet the NSRI 2012 
sodium targets, whereas manufacturers of string cheese 
and process cheese will need to make more profound 
changes. Precise control of formulation and keen atten-
tion to manufacturing practices are essential to prevent 
misbranding of sodium content on cheese packages.
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